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INTRODUCTION 
Soybeans, although a relatively ne?/ crop In thla coun­
try, are taking an important place in midwest agriculture. 
A wide range of plant varieties and selections have been 
introduced, and these are being worked with Intensively in 
an effort to obtain selections that are better adapted for 
specific uses and for environmental conditions and {^rowing 
seasons in various sections of the country. At the present 
time they are not a host to any extremely destructive path­
ogenic organisms, but are attacked by a number of diseases 
that are responsible for small losses in plantings of the 
present standard varieties. With changes in the genetic 
composition of the host plant, pathogens that were formerly 
of only minor importance nay be able to develop rapidly and 
destructively, thus a complete knowledge of all of the fungi 
that are capable of parasitizing soybeans is a valuable tool 
for the breeding program. 
Among the minor diseases is anthracnose, which, although 
not studied intensively previously, has been reported from 
all major soybean growinei areas. The development of disease 
symptoms, es is true of other legume anthracnoses, is depen­
dent upon environmental conditions. This has made difficult 
the evaluation of the destructiveness of the disease. Soy­
bean anthracnose was originally considered to involve only 
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tb« pods and sterna of mature plants, but t^e causal agent has 
later been found to cause a seedling blight also. Because 
of widespread occurrence and pathological potentialities, 
the disease was chosen for a more intensive study. 
Collections of diseased field material were made in the 
fall of 1946. Three fungus entities of the genus Colletotr-
lohum that were isolated from stems of the variety Lincoln 
In these collections have subsequently been Isolated from a 
wide range of soybean varieties in Iowa and also from dis­
eased soybean plants from Mississippi. Of the three, one 
was the form described as Colie to trichum glycines Hori, which 
has been accepted as the causal agent of soybean anthracnose, 
one was Identical with the ascomycete Qlomerella glycines 
(Hori) Lehman and Wolf but its conidial form differed from 
Colletotrichum glycines that had earlier been connected with 
It, and the third was a straight spored conidial form that 
has not been studied on this host. 
Subsequent work has been divided into two general 
fields: (1) histological studies of the development of soy­
bean anthracnose and (2) comparisons of the soybean entities 
with cultures of various Colletotrichum species that have 
been described da other legume hosts. 
As a result of the comparisons discussed in detail in 
part two, the three entitles have been identified as 
Colletotrichum truncatum (Schw.) Andrus and Moore, Qlomerella 
•3» 
glyolnea, and Collatotrlohtun deatruotlvum O'Oara. In pre­
liminary pathoejenlclty teats, £• truncatum wan found to be 
the moat active parasite of the group. It was succeasfully 
laolated from brown areas on the underside of major leaf 
velna, from podn, from stems, from both diseased and appar­
ently normal seed, and la undoubtedly responsible for much of 
the field loss? due to anthracnoae. Consequently the more 
detailed studies on varioua phases of disease development 
have been liirited to work with this one species. The time 
and mode of entry and the histological details of development 
of the fungus after entry into the host plant were investi­
gated# Such information is basic to the determination of 
damage attributable to the disease and to the establishment 
of effective control measurea. 
PART I — HISTOLOGICAL STUDIES 
Literature Review 
The Initial report of a Colletotrlchum as the causal 
agent of soybean anthracnose was from China# Hemml (1919) 
recorded the Isolation by Taklmoto in September, 1917, of a 
fungus which Hemml identified as Colletotrlchum j^lyclnea Horl. 
No technical description of the fungus had been published by 
Hori. In hlf report, Hemml listed Its Important morphological 
features and presented drawings of the ortianiam. Wolf and 
Lehman (1920) found the same fungus in North Carolina on soy­
beans. They found an ascogenous fungus, a Glomerella, on 
overwintered diseased soybean stems, and were able to obtain 
perithecla in culture also. At that time the most complete 
study of Glomerella was the treatment of Shear and Wood (1913). 
The latter had surveyed the majority of the described species 
of Glomerella and Ita associated conldial genera, Gloeosporium 
and Colletotrichvun, and considered many described species to 
be merely variants of Glomerella clngulata (St.) Sp. and von 
S. At first Wolf and Lehman (1920) placed their isolate 
in this species, but later found It to be morphologically 
different from a culture of _G. clngulata. Their cul­
tures differed in appearance, and gave unlike reactions 
in reciprocal inoculations on mature plant parts. They 
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therefope oonaldered that their fungus is a distinct entity^ 
not a member of the Glomerella clngulata complex. 
In a later and more complete report, Lehman and V/olf 
(1926b) described soybean anthracnose as a disease that may 
attack the plant at any stage of growth, but that Is most 
destructive at the time the plant Is approaching maturity. 
They observed fruition only on stems and pods, the affected 
portion being thickly covered with irregularly placed 
acervull. Various workers also have subsequently found 
infection to be limited to the same parts. The fungus has 
been reported to cause the premature death of plants in the 
field and to Inhibit seed formation if early infection had 
occurred. Ling (1940) found the organism to be an Important 
factor in seedling killing, either before or soon after 
emergence. More recently. Bain (1944) has reported a leaf 
spot of soybean associated with a straight spored Collet-
otrlchum ^ ich is not C. glycines. 
The method of penetration and further development of 
the fungus in the host in cases of soybean anthracnose caused 
by Colletotrlchum glycines has not been reported previously. 
Studies of the disease have been limited to field observations 
on its occurrence and to cross inoculation experiments. How­
ever, the mechanism of penetration has been observed in other 
species of Colletotrlchum and may be summarized briefly as 
follows: The spores initiated growth by putting out a germ 
tube. Upon contact with a solid surface, a dark somewhat 
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globular enlargement called an appresaorlum was formed at 
the tip of the germination hypha. This structure became 
attaohed to the cuticle by its mucilaginous sheath and from 
Its lower side a allt^ht peg-like protuberance was formed 
which pushed through the cuticle or through the cuticle and 
epidermal cell wall. The mycelium widened again below the 
penetration peg* In some species. Initial penetration was 
reported to be of the cuticle only. In such cases, the 
mycelium grew for a period of time between the cuticle and 
the outer epidermal cell wall» became latent and later 
established itself in the cells. 
This sequence of development has been reported for 
germinating spores of £. lindemuthlanum (Sacc. and Magn.) 
Brl. and Cav. (Prank 1883, Dey 1919), £. circlnans (Berk.) 
Vogl. (Walker, 1921), £. indicum Dast. (Ramakrishnan, 1941), 
C. falcatum Went. (Edgerton and Carvajal, 1944), £. lagenarlum 
(Pass.) Ell. and Hals. (Gardner, 1918), C. phomoides (Pulton, 
1948) and C. gloeosporioldes Tc^nz. (Simmonds, 1941). 
Wardlaw. Baker and Crowdy (1939) found that even newly 
aet fruits of citrus, papaw and mango may contain n^cellum 
of Colletotrichum ^loeosporioides. Such infections possibly 
occurred through decaying floral parts, but symptoms were not 
expressed until the infected fruits approached maturity. 
Simmonds (1941) discussed the latent development of 
infection in inoculations with Qloeosporium musarum Cooke and 
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Masaee, Collatotrlohum ftloeoaporioldea. and Qloeoaporlxun ap« 
on banana» mango and papaw fruits respectively. The sub­
cuticular knots of hyphae trt^ich formed following infection of 
green fruit became active as the fruit approached maturity 
resulting in the development of characteristic necrotic 
leaions. In these fruits, the outer cellulose wall seemed to 
act as a barrier to invasion of the green fruits. He also 
considered that the constitution of the cell sap might have 
had a part in the inhibition. 
Materials and Methods 
The original Isolates ?4ilch have been used throughout 
the pathological studies were obtained from Lincoln soybeans 
In September 1945* All of the studies, both greenhouse and 
field, have been made on the variety Lincoln. 
The conldla used for Inoculations were obtained from 
five to seven day old cultures grown on sterilised soybean 
stems* Suspensions of the conldla were made In sterile dis­
tilled water, and were sprayed on the plants with an atomizer. 
Field inoculations were made at about eight in the evening. 
Following greenhouse Inoculations, plants were kept in the 
moist chamber for thirty-six hours, then removed to the 
greenhouse bench. In seed inoculations, seeds were immersed 
in a spore suspension, the suspension poured off immediately, 
and the seeds then planted in normal greenhouse soil. 
Observations regarding germination of conldla and pen­
etration were made either on strips of epidermis removed 
from cotyledons vi^lch had been sprayed with a spore suspen­
sion and then placed in a moist chamber, or on moiints of 
irtiole leaves which had been similarly inoculated, then cleared 
at various intervals in a saturated water solution of chloral 
hydrate. The details of penetration and subsequent establish­
ment of the young mycelium were observed most successfully 
with a stain of cotton blue in lactophenol* 
Free hand aectlona were used to follow the development 
of the raycelliua within the plants. The aeotions vere cleared 
for five to alx hours in fifty per cent ethyl aloohol-flfty 
per cent glacial acetic acid. They were then stained with 
add fuchaln In lactophenol, washed in clear lactophenol, and 
mounted in it for observation. In some canoa cotton blue waa 
alao used to a tain the young hyphae. Portions of the same 
material which waa sectioned were aurface sterilized and 
placed on potato dextrose agar to establish definitely that 
only C. truncatum was present. 
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Observations 
In 1946, field inoculations were attempted at three 
times durinti the trov/int, aoaaon on five soybean varieties. 
Field readings were taken; but since, aa was found later, 
£• trxincatum could be isolated from stems which did not 
exhibit any definite symptoms and which had not developed 
any fruitin^i structures of the funtius, such readings were 
valueless aa measurements of diseawe. 
Field inoculations were repeated in 1947, but because 
of the hot dry weather throu^out July and August no infec­
tion was obtained. 
In 1948, field inoculations were made on Jtine 27 when 
only the unifoliate leaves were well expanded. Later 
inoculations were made on other plants on July 28. Reiso-
lations of £. truncatum were made on August 11 and August 27 
from symptomless, apparently normal trifoliate leaves of 
plants which had been inoculated on June 27 and at the later 
date also from material which had been inoculated July 28. 
Leaves had been collected at random from the inoculated 
plants and from seventy per cent of these, isolates of the 
fungus were obtained. At the time of the last isolations, 
pods were quite well developed* 
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Free hand sections made from these collections showed 
the mycellvun to be confined to the epidermal cells, usually 
lying close to the Inner cell vail* 
As the plants approached normal maturity and the leaves 
began to fall during the second week in September, irregular 
scattered nreas of acervuli appeare--] over the entire central 
stem and on some of the pods. (Fig. 1, 3) Moat of the 
fruiting, structures on the pods were in an area where the 
ovule had failed to develop but £. truncatum was readily 
isolated from the tissues of fully developed adjacent seed 
in the same pod, as well as from apparently normal seed from 
pods which showed no visible infection. 
These diverse field observations led to more critical 
studies that were carried out in the greenhouse where the 
plants could be worked with more easily and environmental 
conditions were partially controlled. Two main lines of 
inquiry: 1) the mechanism of penetration into above ground 
parts of the plants and the subsequent development of the 
mycelium therein and 2) the development of the fungus from 
infected seed were, undertaken. 
The conidia of C. truncatum germinate typically by 
the formation of a short hypha from one end of the spore* 
Frequently the conidium is divided into two equal cells at 
Fig* !• Field oolleotions of Linoolzi 
soybean sterna covered with aoervull 
of ColletotriohuiB trupcatum« 
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Fig* 2. Plants from seed inoculated with 
conidia at the time of planting 
exhibiting diseased pods at 
maturity in the greenhouse* 

Aoervull of Co lie to trl ohma trxincatwa 
on diseased stem of a seed Inoculated 
plant* 
An acervulus of C» truncat^ from 
diseased soybean^stem. (190x) 
-13b 
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the time of germination by a croaa wall. Conldla were com­
monly found i^lch had formed germ tubea at each end of the 
apore, either with or without the laying, dov»n of a croaa 
wall* One spore rarely formed more than two germ tubea, 
although aome aporea were noted which had formed a centrally 
located germination hypha aa well aa the two terminal 
onea • 
Large dark colored appreasorla which adhered tl^tly to 
the plant part were formed when the hypha touched a aolld 
aurface. (Fig. 4a) From the lower surface of the apprea-
aorlum, possibly through a definite pore, an infection peg 
waa formed which penetrated directly throu^ the cuticle and 
cell wall. Entrance through stomata waa never observed. 
The Infection peg waa fine, and as can be seen In Pig. 4b, the 
mycelium widened out gradually as It t^rew into the host cell. 
After Initial penetration, further development of the 
mycelium depended upon the plant part which had been entered, 
the age of that portion, and environmental conditions. fTnen 
Inoculated plants were held In a molat charnber In the green­
house, the mycelium developed rapidly and spread throughout 
the leaf tissue both Inter- and Intra-cellularly. By four 
to five days after Inoculation, the mycelium within or In a 
mass juat above the epidermal cella had begun to form 
Germinating oonldlum of Colietotrlchum 
trunoatum. The hypba has formed an 
appressorlum upon contact with the 
leaf. (725x) 
Penetration of a 
a hypha from the 
by a germination 
of C. truncatum» 
soybean leaf hair by 
appressorlum formed 
tube from a conidltun 
(725x) 
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parallel groups of conldlophores Interspersed with young 
setae* These structures were visible as well organized 
acervull by the fifth or sixth day, and constituted the 
first external evidence of disease. Their emergence was 
followed by a rapid disintegration of the leaf cells. 
Under field conditions the mycelium in the leaves pro­
duced no external evidence of infection. It penetrated the 
epidermal cells of leaves of any age and became established 
there in tracellularly, but did not grow on into the mesophyll 
cells. Its presence incited no visible reaction in the In­
vaded cells, but its further development could be stimulated 
by placintj such plants in the moist chamber. 
Under either greenhouse or field conditions, the 
mycelium appeared to grow rapidly throughout an entire 
cotyledon once penetration was accomplished. The establish­
ment of the mycelium resulted in a rapid breakdown of indi­
vidual cells which was not evident for a short period of 
time. (Fig. 5a) The invaded cotyledon soon appeared to be 
translucent and water soaked however, and subsequently dried 
and shriveled rapidly. Further development of cotyledonary 
Infections will be discussed later. 
Seed inoculation with conldla of C. trvmcatum resulted 
in several types of infection under both field and green­
house conditions. They were: 1) pre-emergence killing. 
Myoellum of £• trunoatvun In calls 
of an Infected soybean cotyledon* 
(190x) 
Cross section of soybean stem 
Illustrating the layer of collapsed 
cells at the base of an Infected 
cotyledon, and also the presence of 
mycelium of C. truncatum In uninjured 
cells of the~oortex. TIQOX) 
-17b-
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2) seedling bllgbt^ 3) symptoraleaa eatabllahment of Internal 
B^oellum. 
In the aeeda killed prior to emergence, the mycelium 
penetrated the young embiTro as soon as It resumed growth, 
spread rapidly, and was established in all parts of the 
embryo and cotyledons in three or four days. The diseased 
tissues broke down in a watery rot and were rapidly invaded 
by saprophytic soil orj^anisms. 
When initial invasion occurred in the cotyledons, the 
plants sometimes emerged and developed normally for a short 
period of time. In typical post emergence killing, the 
mycelium ramified throughout the cells of the cotyledons, 
then grew into the cortical cells of the stem which dis­
integrated in a soft watery rot. From there it spread 
rapidly, both radially and longitudinally, soon girdling the 
young plant. The mycelium Invaded the vascular tissues and 
finally the pith, after which the plant collapsed. It was 
never found more than half an inch below the cotyledonary 
node at this stage of growth, but spread rapidly throughout 
the young leaves and the growing point after the initial 
girdling of the stem. The individual plants which developed 
disease symptoms were not always killed immediately for the 
jnycelium grew much more slowly in diseased plants that had 
emerged from the soil. The brown spindle-shaped stem lesion 
waa obvious from the time of emergence; however many of them 
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had well developed unlfollate leaves before the stem was 
completely girdled. 
In those plants In which Invasion had occurred a short 
time prior to emergence, or even In those In which breakdown 
of the cortical cells was in an advanced stage, the invaded 
cells dried out rapidly resultlnii in the characteristic 
sunken lesions at or just below the cotyledons. Two plants 
were observed in which the lesion was visible for approxi­
mately two-thirda of the circumference of the stem at the 
time the unlfollate leaves were developing. The plants were 
six inches in height with a pair of well expanded trifoliate 
leaves before the stem was completely girdled and the plant 
collapsed. 
The third type of infection, that of establishment of 
latent Internal nycellum without the development of dlaeaae 
symptoms, was accomplished by mycelium from the cotyledons. 
The cotyledons soon dried to shriveled maaaea of mycelium 
and broken cell walls which adhered to the stem for varying 
periods of time. The cells In the outer three or four rows 
of the cortex adjoining the cotyledon were killed soon after 
the entry of the mycelium. The collapsed walls of these 
dead cells formed a corky area on the stem after the 
cotyledons had sloughed off. (Pig. 5b) 
For some undetermined reason, there was no visible 
effect of the presence of the mycellvun upon the cortical 
cells which were subsequently Invaded. The outer cells 
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whloh had been Invaded directly from the cotyledons adjoined 
other cortical cells that were apparently normal but In which 
the mycelium waa established in tracellularly. There was no 
visible effect of the presence of the mycelium in these In­
vaded cells, (Figs.6a, 6b, 7a, 7b) The cytoplasm remained 
distributed throughout the cell and there was no tendency 
for the nuclei of such cells to be oriented in a particular 
position In relation to the hyphae which were present In the 
cell* The mycelium was qiilte uniform in diameter and 
branched sparsely. No marked constrictions were found to 
occur in the hyphae near the points of penetration of cell 
walls, either between epidermal and cortical cells or where 
adjacent cortical cells were Involved. There was little 
difference between the size of the original infection hypha 
and the hyphae which developed subsequently. Several hyphae 
were frequently found in a given cortical cell, but the cells 
were never packed with hyphae at this sta^e of development as 
they had been in the cells of the cotyledons. 
The mycelium advanced most rapidly longitudinally. In 
one plant where infection had occurred from only one cotyledon, 
the hyphae had extended two millimeters distally in the stem 
from the original infection area in one and a half months, 
but had not become eftablished in the cells on the opposite 
side of it. The mycelium grew very slowly during the period 
of rapid development of the host plant, remaining localized 
Croas section of an apparently 
healthy soybean stem with mycelium 
of G« trunoatum in the cortical 
cells• (190x} 
Group of the cortical cells from 
(a). (300x) 
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longitudinal section of an apparently 
healthy soybean stem with mycollum of 
C* trunoatum in the oells of the cortex. Tl9T55n 
A group of cortical cells from (a)« 
(725x) 
-22b 
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In the area of original entry from the cotyledons until a 
week or ten days prior to flowering. At this time, the 
mycelium grew dlstally in the cortical region. In several 
plants, the progress of the hyphae could be followed from 
the atem through the petioles, and into the bla-^ies of the 
lower leaves. Here they seemed to be li-ited in development 
to the epidermal cells, just as it had been when the original 
Infection occurred on the leaves. 
The mycelium had advanced two or three centimeters 
below the orij^inal point of entry at this time, but was not 
found to progress farther. Mycelium has not been located 
in any of the root sections that have been examined. 
When pods started to develop after fertilization, 
mycelium was found to be present in the cells of the carpel 
wall (Pig. 8a) and in the enlarging ovarial locule. (Pig. 8b). 
Ifyphae were also present in the cotyledons of the developing 
seeds. Externally these pods exhibited no evidence of dis­
ease at this time. As they approached maturity, however, 
some of the pods became covered with acervuli (Pig. 2) while 
others although infected gave no Indication of the presence 
of mycelium. 
Pig. 8. Cross sections of developing soybean 
pods • 
a. Ityoellum In cells of carpel wall. 
b. Mycelium extendln^i Into the ovarlal 
locule. 
-24t-
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Dlaousslon 
In several of the fruit anthracnoses, the myoeliuni 
formed after penetration of the green fruit has been found 
to remain dormant between the cuticle and the outer epider­
mal cell wall until the fruit approached maturity. However, 
latent mycelium In the vegetative portions of the host plant 
has not been considered to be an Important factor In the 
development of anthracnose. Ed/^^erton and Carvajal (1944) 
discussed the establishment of the mycelium of £. falcatum 
between the cuticle and epidermal cells of sugar cane leaf 
sheaths and leaves without any visible evidence of Its 
presence, but did not mention Ita possible Importance In the 
development of disease. 
When apparently healthy stems of soybean plants which 
have grown from diseased seed were placed In a moist chamber, 
acervull developed rapidly over the entire surface. The 
same development of acervull occurred when leaves from spray 
Inoculated plants were held In a moist chamber for twenty-
four hours. In both cases, the fi»uitlng structures had 
formed from mycelium that had been located In the epidermal 
cells of the leaves or In the cortical cells of the stems. 
In fruit latent infections, only the cuticle was actually 
involved In the original Invasion for the mycelium remained 
localized outside the epidermal cells during the dormant 
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fltaga; however, in the soybean plants the mycelium was ac­
tually present in the cells. Cox (1949) has found the 
mycelium in the xylem of lima bean plants, which had been 
hypodermically inoculated with a spore suspension of £. 
truncatum, but there is no evidence of its presence in the 
vascular tisanes of soybeans. 
The caoability of the mycelium of £. truncatum to remain 
dormant in host cells and to trow extensively in some cells 
of the plant also without dlsruptinj^ their normal activities 
helps to explain several details of the development of 
anthracnose on soybeans which have been puzzling. Often no 
visible evidence of the presence of the disease would occur 
throughout the entire growinij, season, then as the plants 
approached maturity, the stems were completely covered with 
the scattered acervuli. The simultaneous appearance of these 
fruiting structures over the entire stem is quite expected 
if one considered their appearance merely as a result of the 
resumption of active development by mycelium already present 
in cells under conditions that favored its rapid and destruc­
tive growth. 
The presence of acervuli on lower branches that are 
broken earlier in the growing season has been interpreted as 
an invasion of these weakened plant parts by spores that were 
formed on diseased plant debris. It now seems lotjical to 
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Interpret much of auch visible evidence of Infection as the 
further development of tn^cellum which was already present. 
One of the puazllni^ developments noted In the t^reenhouae, 
that of the appearance of acervuli on pods that had formed on 
plants j^rown from diseased seed, can be explained by the 
presence of mycelium within the plant. There had been no 
opportunity for infection of the poda from external sources, 
therefore the <^owth of mycelium within the plant itself is 
an expected explanation. The mycelium of £. truncatum was 
capable of rapid destructive ^rowth in both very yount, and 
mature host cells, but its success as a pathobon la linked 
with its ability to penetrate into other cells without 
appreciably diaruptinei their normal activities. 
An Important phase of this ability pertains to the part 
that latent mycelium may play in the survival of G. truncatum 
from one season to another. V/lth the successful establish­
ment of the mycellvim inside the seed, probably In the cells 
of the cotyledons, the fun^ius is no longer dependent for 
survival upon infection each succeeding year by spores 
produced on overwintered diseased plant materials. 
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PART II — TAXONOMIC STUDIES 
Introduction 
The anthracnoae fungi are arbitrarily limited to th« 
diaeaae producing members of the Melanconialea in the Pungl 
Imperfectl. They have been described from a wide range of 
flowering plants and a number of them have been described 
from the various legumes commonly gromi in Iowa» All of 
them except Kabatiella caulivora (Kirchn.) Karak. the causal 
agent of northern anthracnose of red clover, are species of 
Golletotrichura. (^. caulivora has been carefully studied 
by various workers (Sampson, 1928), and is not Included in 
the present work.) Pew of these species have been associated 
with an asco£ienous stage, but where such connection has been 
established they have been referred to species of fJlomerella. 
In the course of these studies, Golletotrichura species 
from legume hosts were collected and comparisons on both a 
morphological and patholoi^ical basis were made. Cultures of 
the following species were examined: Golletotrichum 
truncatum from lima bean, C. Klycines from soybeans, C. 
vlllosum from vetch, a mlac- llaneous ^roup of curved spore 
forma from alfalfa, sweet clover and oats, £. trifolli from 
red clover and alfalfa, C. destructivum from red clover. 
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aweet clover, alfalfa^ peas and soybeans, Glomerella glycines 
from soybeans, and Colletotrlchum llndemuthlanum from garden 
bean* Source of the Individual cultures is indicated In the 
sections in which each species is discussed in detail# 
As a result of observations of these entities under 
various field and laboratory conditions, the bases for species 
differentiation in this ^enus were examined critically. 
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Materlala and Methoda 
All of the laolatea examined have been maintained on 
comparable media and the various characteristics discussed 
have been constant durlnti, the time these forma have been In 
culture. They have been studied on various natural and syn­
thetic media, but t,rowth and spore production on these did 
not differ appreciably from that on potato dextrose agar. 
Whenever possible, conldla have been used as the source of 
Inoculum for transfers. Spores for Inoculations were 
obtained from cultures on sterilized soybean stems, and the 
conldlal measurements presented were made of spores produced 
on this medivim. These data are baaed upon measurements of 
at least one hundred individuals from several samples from 
different spore populations. 
Cross Inoculations on the range of host plants repre­
sented were made in the greenhouse. Plants were atomized 
with a conldlal suspension, and then placed in a molat 
chamber for thirty-six hours after which they were removed 
and maintained under normal ^ jreenhouse conditions. Six pots 
of each variety of host plant were inoculated in each trial. 
Plants in various stajjea of growth were used in preliminary 
testa, but as there was little difference in their reaction 
to greenhouse inoculation, only young plants were used 
subsequently. All inoculations have been repeated for at 
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least three trlala* Relaolatlona were made from the Inoc­
ulated plants, for some, though Infected, did not develop 
dlaeaae aymptoma. 
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Obaervatlona 
Colletotrlchum triAnoatum (Schw.) Andrua and Moore. Phytopath. 
26tl21.125. 1934. 
Vermloularla truncata Schw. Syn. Amer. Bor» #1865. 1832* 
yeTOlcuiaria polytrloha Gke. OrevlIlea 12{24. 1883-84. 
Colletotrlchum caullvorum Heald and Wolf. MVCO IOK I* 
1911. 
Sohwelnltz (1832) originally described Vermicularia 
truncata on the sterna of Phaaeolua ap. In Pennaylvania. The 
aame fiingua was described by Cooke (1883) as Vermicularia 
polytrloha on lima bean a in South Carolina, and Heald and 
Wolf (1911) deacrlbed it again from the atema of common gar­
den bean in Texaa aa Colletotrlchum caullvorum. Andrua and 
Moore (1935) propoaed the binomial £. truncatum as the pi?oper 
name for the pathot^en after an examination of recent collec-
tlona on lima bean and alao the earlier material that v/aa 
available. It la distinctly different from C. lindemuthlanum 
in both morphological and patholot^ical detalla. C, truncatnm 
haa been reported (Cox, 1948) to attack atema, pods, leavea, 
and bloasoma of lima bean. On the pods. Invasion results In 
amall rediilah blotchea that spread indefinitely without the 
formation of a definite lesion. In severe cases, the branchea 
may be girdled and killed. Cox (1949) made successful inoc-
ulationa with C. truncatum on eleven genera of legumea. 
The Isolate of C. truncatum examined was obtained from 
Dr. dI Ellla from North Carolina. It produced a vez>y aparse 
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nyoellal growth on either potato dextrose agar or on steril­
ized soybean steins. (Fig. 9a) Densely setDseacervull covered 
with pink to cream colored maaaea of conldia were formed 
abundantly on either type of culture medlumi howevei, size of 
the acervull and length, color and aeptatlon of the setae 
varied with the age of the culture and the medium. The In­
dividual conldia of this laolate were hyaline, curved, and 
ranged In size from 30 to 21 microns by 4 to 3.5 microns with 
an average Isngth of 24.5 microns. (Fig. 10a) 
Successful cross Inoculations were completed on soybeans, 
alfalfa, sweet clover, lima beans, and peas. No Inoculations 
were made on red clover, lespedeza, blrdsfoot trefoil, 
ladlno, or vetoh. 
Colletotrlchum glycines Horl. Jour. Col. Agr., Hoklcaide Imp. 
Univ. 9J159. 1919. 
The description of this organism and symptoms of soybean 
anthracnose have been discussed previously. Isolates of this 
fungus that were obtained from various varieties of soybeans 
during several seasons were all Identical In cultural char­
acteristics. On potato dejttrose agar, they produced an 
abundance of densely setose acervull which were completely 
covered by pink to cream colored maaaso of conldia as the 
cultures aged. The vegetative mycelium became olive green 
to black with very little aerial mycelium. (Fig. 9b) The 
Pig« 9. Cultures on potato d«xtroa« agar* 
a. C. trunoatum* 
b. C. ^ lyolnes. 

Pig. 10. Conldla of the curved spore Isolates 
of Golletotrlchtan. (450x) 
a* G. truncatum* 
C. glycines» 
0* C. truncatum (from Lotus eunerloanus)« 
d. _C. vllloBuin> 
e« £, sraminlcolum (Isolate 1747) from 
tilfalfa. 
f. C. graminlcolum (from oata). 
g. C. gramlnlcolum (74) from sweet clover* 
36b-
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colonles produced on other artificial media or on sterilized 
soybean stems were Identical, and the conldla were constEunt 
In their characteristics regardless of the time they had 
been maintained on artlflcal media. The conldla were iinl-
cellular* hyaline, curved, rounded on the ends, and ranged 
In size from 30»8 to 24.2 microns by 4.4 to 3.5 microns. 
(Pig. 10b) 
Inoculations with various Isolates of C, glycines were 
successful on soybeans, alfalfa, sweet clover, red clover, 
lespedeza, vetch, ladlno, blrdsfoot trefoil, lima beans and 
peas. Only on garden bean were negative results obtained. 
The Isolates of glycines were slightly more pathogenic 
on soybean than on lima beanj conversely, C» truncatum was 
a more successful parasite on its original host than it was 
on soybeans. These results are In agreement with those 
reported by Holdeman (1950) in cross inoculations with 
similar isolates from these two hosts. The fungus was 
relsolated from green plants of blrdsfoot trefoil, sweet 
clover, ladlno, alfalfa, and soybeans, none of which showed 
any symptoms of disease. 
In addition to the plant cross inoculations, three l^ts 
of soybean seed were surface sterilized, one dipped into a 
conldlal suspension of g lycines, one into a conldlal sus­
pension of C« truncatum, and the other in sterile distilled 
water. All were planted immediately In normal greenhouse 
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soil* Stand counts were taken on theae plantings at the end 
of three weeks* At that time, 28.2 per cent of the plants 
had survived In the C# glycinea treated lot, 55,1 per cent 
from the £• truncatum treated seeds, and 76.4 per cent 
emergence for the check plants. 
The soybean Isolates were Identical with the form 
described in China as C. filyclnea Horl and discussed under 
that name by Lehman and Wolf, There Is no difference between 
this species and C. tiruncatum; therefore, the former has sub­
sequently been considered to be an Isolate of that species. 
This entity has no connection with the Glome re 11 a ^^lyclnes 
described by Lehman and Wolf, 1^1 (1949) mentioned obtaining 
an ascoijenous stage of Colletotrlchum j.'.lycines that was not 
Qlomerella glycines, To date, thla latter species has not 
been reported from the Orient, 
Colletotrlchum vlllosum Welmer, Ptaytopath, 55:977-990. 1945, 
Two species of Golletotrlohum have been reported from 
vetch. They are Colletotrlchum vlclae Dearn. and Overh. 
which was described as the pathOj^en responsible for the 
killing of vetch leaves without formation of a definite 
lesion, and C. vlllosum Welmer which causes circular, dark 
bordered leaf spots and also stem lesions, 
A culture of vlllosum isolated from vetch by Dr, J, 
L, Welmer In Georgia was the only culture from this host 
that was examined. 
"SB"" 
On potato dextrose agar, the colonies grew very slowly, 
assuming a deeply convoluted form. Spore production occurred 
only on cultures that were approximately three weeks old, but 
well defined acervull were not produced. On sterilized soy­
bean stems, small acervull with scattered setae were formed, 
accompanied by masses of vegetative mycelium that weie ur-
ganlaed in dark heaped colonies of much the same type aa were 
formed on a^^ar. The conldla were hyaline, unicellular, curved 
with rounded ends, and ranged In size from 21 to 16 microns 
by 4.5 to 3.5 microns with an average length of 17.6 microns. 
(Fig. lOd) 
Colletotrlchum Rramlnicolum (Cesatl) Wlls. Phytopath. 4:106-
112. 1914. 
Dlcladlum ^ramlnlcolum Cesatl. Raben.i Herb. Vlv. Myc. 
im. Flora 3S:fe5S. 1852. 
Psllonla apolospora Berk. & Curt. Ravenel, Pungl Carol. 
Exs, 3:83. 1855. 
Vermlcularla culmlgena Cooke. Ravenel, P'ungl Amer. 
Exs. ^ 31. 1881. Not V. culmlftena Desmaz.* Ann. Scl. 
Nat. Ill, 3:363. 1845. 
Stelrochaete p;ramlnicola Sacc. Syll. Fungi 4:316. 1886, 
Vermlcularla 8an^.ulne a Ellis & Halst. Jour. 7.!yc. 4:8. 
1686. 
Colletotrlchum llneola pachyspora Ellis & Kellerm. 
Ellis & Ev. North Am. Fungi 2181. 1889. 
Colletotrlchtim broml Jennlnii,s. Texas Ajg?. Exp. Rta. Bui. 
9:2K. I8d0. 
Vei^cularla lolli Roum. Rev. Myc. 13:131. 1891. 
Colletotrlchum sanKulneum Ell. & Hals. Ellis & Ev. North 
Am. Fungi 3466. 1896. 
Vermlcularla hold Sydow. Hedwl^la (Belbl.) 38:137. 
Colletotrlchum cereale Manns. F.elby and Manns. Ohio 
Agr. Exp. F>ta. Bui. 203. 1909. 
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The original description of an anthraenose fungus on 
grasses was that of Dicladium graminiGolum Cesati from stems 
of Echinochloa crusKalli and Zea mays in Italy in 1852. The 
measurement of the setae and conidia of this fungus are the 
same as some twelve other species that have been named since, 
principally in the genera Vermlcularia and Colletotrichum, 
as causal agents of anthraenose on various grass hosts. The 
conidia of these twelve Include curved spore types yrith 
rounded and pointed en4. Selby and Manns' (1909) illustrations 
of their Colletotrichtun cereale indicate a curved spore type 
with rounded ends, but other species dencrlptions indicated 
conidia with pointed ends. Wilson (1914) examined material 
of all species on grasses that had been described at that 
time and suggested the name C, Kraminlcolum for the entire 
group. ?fore recently, C, tr.ramlnlcolum has also been reported 
to occur on alfalfa. Jones and V/elmer (1940) include it as 
a member of the group of anthraenose organisms present in an 
alfalfa nursery in Griffin, Georgia. 
Among the cultures obtained from Dr. F. R, Jonea was 
Isolate 1747 from alfalfa that had been isolated at Madison, 
Wisconsin and tentatively Identified as C. Kraminlcolum. 
For purposes of comparison, a Colletotrlchum was isolated 
from oat plants at Ames. 
The two cultures were quite different in i^roas cultural 
characteristics. Isolate 1747 is distinguished on both 
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potato dextrose agar and sterilized soybean stems by the 
sparse development of vegetative mycelium and the abundant 
production of setose aoervull with their crea^i colored masses 
of spores. (Fig, 11a) The Individual spores were hyaline, 
curved (often markedly so), unicellular, ends rounded, and 
ranged in size from 31.5 to 21 microns by 3 to 2.5 microns 
with an average length of 24.7 microns. (Pig. 10b) The oat 
Isolate produced a predominately mycelial type of growth on 
potato dextrose agar. Scattered abnormal spores were pro­
duced (Pig. 10b), but no organized acervuli were formed. 
When the isolate was cultured on sterilized soybean stems, 
nvimerous setose acervuli that were identical with those of 
1747 were present. The acervuli were soon obscured by a 
mass of gray vegetative mycelium. Less difficulty with this 
overgrowth occurred when only spores were used as the trans­
fer inoculum. 
Greenhouse inoculations of 1747 were successful on 
alfalfa, sweet clover, red clover, birdsfoot trefoil, 
ladlno, and vetch. No attempts were made to check the 
pathogenicity of the isolates on oats or on possible grass 
hosts. Inoculations of soybeans and lespedeza were unsuc­
cessful* 
Plants Infected by 1747 did not differ greatly in 
appearance from those successfully inoculated with £. 
destructivum. Young alfalfa plants were killed and their 
stems covered with acervuli in two to three days. Definite 
Flgo 11» Cultures on potato dextrose agar* 
a. G ,  Kramlnloolum (1747) from alfalfa. 
b, gramlnloolum (74) from alfalfa. 
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stem lesions were formed on older plants. The fungus prog­
ressed more slowly In the other hosts upon which it was suc­
cessfully inoculated. Petioles of young red clover leaves 
were girdled and acervuli produced in abundance on the dead 
leaflets• 
Two other curved spore isolates were examined thPt were 
not identical with the two Isolates Just discussed, but they 
were indistinguishable from entities that have been considered 
to be C. Kramlnlcolura. They were isolates 74 from alfalfa 
and 22 from sweet clover. These two were Identical in all 
characteristics, both forming a sparse mycelial growth inter­
spersed with numerous sclerotla on potato agar (Pig. lib) and 
both acervuli and sclerotla on sterilized soybean stems. The 
acervuli possessed scattered setae that were almost buried 
in the pink to cream colored spore masses, and did not differ 
appreciably from those of 1747. Individual conldla were 
hyaline, curved with pointed ends, and ranged In length from 
28 to 21 microns with an average of 24.8 microns. (Pig. lOg) 
Cross inoculations with 74 and 22 were successful on red 
clover, sweet clover, and alfalfa. 
All of the cultures discussed in this section are ten­
tatively referred to C, ^ ramlnicolum. At present, a number 
of quite different curved spore forms are Included in this 
species, but until observations can be made of a larger 
number of anthracnose organisms from various grass hosts the 
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Blgnifloanoe of these differences cannot be acoxirately 
evaluated• 
Colletotrlchum trlfolll Bain and Essazy* Jour. Myc. 121192-
193. 1906. 
Bain and Essary (1906af 1906b) described C. trlfolll as 
the causal agent of anthracnose of red clover in Tennessee 
and recorded its occiu>rence as a severe pathogen on reedlings 
of both alfalfa and red clover. Later, this species was 
found to cause stem lesions on mature plants 'which were 
distinguishable from the symptoms due to Kabatiella caulivora, 
only by the presence of the typical acervuli and black setae 
of the Colletotrlchum. Both of these fungi are present in 
Iowa; spring temperatu3?es are the decisive factor as to which 
will be the more prevalent in any given season. 
A detailed discussion of symptoms and the effect of 
environmental conditions on the development of southern 
smthracnose is presented in Montieth's bulletin (1928). 
In both the disease caused by Co1letotr1chum trlfolll and 
northern anthracnose caused by Kabatiella caulivora lesiona 
that spread rapidly both radially and longitudinally to 
girdle the plant part invaded are a prominent symptom. 
Withered leaves and dark sunken stem lesions are charac­
teristic of the disease on plants which have not been com­
pletely killed. £. trlfolll was discussed by Henderson and 
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Smlth (1948) as the causal agent Involved In a stem and root 
rot of alfalfa In which no conspicuous lesions were formed* 
An Isolate of C, trifolll from red clover from Iowa and 
isolates 357 and 371 from alfalfa obtained from Dr. F. R. 
Jones at Madison, Wisconsin were examined. The cultures 
formed a sparse olive green vegetative mycelial growth on 
potato dextrose agar (Pig. 17b), but on sterilized soybean 
stems, numerous small setose acervull were formed. Although 
the cultures of C. trifolll examined were similar In gross 
cultural aspect and formed no sclerotla, sclerotlal cultures 
such as occur In many other species of Colletotrlchum have 
been reporter! In this species by Hopkins (1923). The conldia 
were straight, hyaline, rounded at the apex and bJvintly 
pointed at the base, and ranged In size from 12.9 to 10.5 
microns by 4 to 3.5 microns. (Pig. 15g) 
C. trifolll was successfully established on red clover, 
alfalfa, and sweet clover. The lesions produced on any of 
these hosts were indistinguishable from those caused by C. 
destructivum. The most common disease symptom on young 
plants was the occurrence of numerous dried and curled 
leaves that resulted when the fungus girdled the petiole. 
Colletotrlchum destructivum O'Gara. Mycologia 7:37-41, 1915, 
C. destructiwmij which was described by O'Oara (1914, 
1915) from the Salt Lake Valley, Utah, produced disease 
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symptoma similar to those attributable to £. trlfolii;however, 
the conldla of the former trere consistently larger than those 
of the first described pathogen. C. destructivum was re­
ported by Weimer (1937) to be the pathogen responsible for a 
dark brown leaf spot of alfalfa in Georgia. 
A number of isolatea of this species have been obtained 
from red clover, sweet clover, alfalfa, and soybeans from 
various fields in the vicinity of Ames. Three cultures from 
Dr. F. R. Jones, isolates 535 and 351 from alfalfa in 
Wisconsin and 402 from alfalfa at Lincoln, Nebraska, and an 
Isolate from peaa that had been carried as £. pisi obtained 
from Dr. J. C. V/alker were also included. 
Two major growth types on potato dextrose agar were 
represented in this collection cf cultures. One type, typi­
cal of the soybean and pea isolates, was characterized by 
the formation of a mat of white subsurface mycelium that was 
irregularly dotted with numerous black sclerotial bodies at 
the surface of the agar. (Figp. 14a, 14b) The sclerotia were 
masses of large, heavily pigmented cells that were packed 
with oil globules. On sterilized soybean stems acervuli 
were formed as well as sclerotia, some of them originating 
from a layer of basal cells much like those that formed the 
sclerotia. Some of the aclerotia had a tuft of setae on the 
top and occasionally a few conidlophores as well* 
Fig* 12. Cultures on potato dextrose agar, 
a* C* destruotlvxan from sweet clover, 
b. C. destruotlvum from alfalfa. 
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Fig. 13* Cultures on potato dextrose agar. 
a. C. deatructlviua (J3S5) from alfalfa. 
b, c .  deatruotlvum from re-^ olover. 
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Fig. 14. Cultures on potato dextrose agar* 
a. C. destructlvxan from soybeans* 
b» C. destruotivum from peas* 
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Fig. 16. Conldla of the stral^t apored 
group of anthraonoae fUngl. (4503c) 
a. C. destruotlvum from alfalfa. 
b, £, deutructivum from red clover. 
0. £. deatruetlvum from sweet clover. 
d. destruotlvum from peas. 
e. destruotlvum from soybeans. 
f. Qlomerella glycines. 
g. Colletotrlohum trlfolll. 
h. Qlomerella clnKulata. 
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The other growth type, which was typical of all the 
other Isolates, varied with the temperature at which the 
cultures were j^rovm. When they were maintained at tempera­
tures between 20° and 30° C., no organized acervull were pro­
duced and very little aerial mycelium. Abundant Individual 
scattered setae and conldlophores were formed over the entire 
surface of the colony, and were soon burled In the masses of 
oonldla tiiat were produced in such profusion that the cultures 
had a pink to cream tinted slimy appearance. Below 15° C., 
growth was primarily vejietative, with only scattered produc­
tion of conldla. Irrespective of temperature, the vegetative 
rnycellum Itself was olive t,reen to black and composed of 
large Irregular cells. (Figs.12a, 12b, 13a, 13b) The mycelium 
of the colonies formed at the higher temperatures was not as 
highly pigmented as at the cooler ones, when these Isolates 
were cultured on sterilized soybean stems, all of them pro­
duced abundant setose acervuli and conldla that were light 
pink to cream colored in gross appearance. 
The conldla produced by all of the Isolates ranged In 
size from 21 to 14 microns by 3.5 to 3 microns and averaged 
17 microns In length, (rigs.15a, b, c, d, e) They were 
hyaline, unicellular, and rounded on the apex but bluntly 
pointed at the base. 
There have been studies concerned with the occurrence 
of normal variants within the species, such as those of 
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Chllton (1943) with C. deatruotlvum and Zerkel (1960) with 
C« trlfolil» as well as conalderatlona of the poaalblllty 
that C. trlfolll and C. deatructlvum are not distinct enti­
ties* A variety of cultural types could be Isolated readily 
after cultures of either species had been maintained on arti­
ficial media for several transfers. Wollenweber and 
Hopchapfel (1949) considered all the forma that they found on 
red clover, Medlcago, Serradella, Ornlthopua ratlvus and 
Trlglnella coerulea to bo C. trlfolll, but made no mention of 
C. deatructlvum* In all of the isolates examined here however, 
the Isolates of C. trlfolll have been distinct from the C. 
deatructlvum forma by virtue of their shorter, somewhat 
narrower conldia. 
C* deatructlvum was apparently quite omnivorous, for 
successful c]?oss inoculations were completed on soybeana, 
alfalfa, sweet clover, red clover, and lespedeza with the 
isolates from soybeans, alfalfa, sweet clover, red clover, 
and peas. The Individual isolates from alfalfa, red clover, 
and sweet clover were aa pathoejenic upon all the host species 
on which they were tested aa they were on the host from which 
they had been originally isolated. On both alfalfa and sweet 
clover, some of the stems failed to develop lesions or other 
disease symptoms, but the pathogen could be readily Isolated 
and the stems assumed a '^shepherds crook" appearance. As 
the plants became older, symptomless diseased stems and their 
) 
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Tabl*. 1. A eoqpariton of measureaents of conidia of le£:aa»-inhal3 
Original dasorlptlon 
Conldlal aeasuroaeaf in 
foafua Host Lan^th Width Spore type 
Collatotriehiui Cone 
tmnoatna Llaa bean 31.0 - 29*< 3.5 - ^  CorreA tmnc 
0. clrelnet Soybean 16-25 3.75 - »».5 Oorred C. 
£• & 
C. xraalBloolvB Ora«B«i 18- 2 6  3.5 - ^  Corred TiW 
C. CI 
Xi?T 
hf 
C. ££ 
C. TillOlUB Tateh 15 - 25 3.5 - H.5 OoTTad C. Ti 
C. Tloiac Tateh 17 - 21 3 - H  Ourred 
C. tr 
C. trlfolll Bad olorer 11 - 13 3 - U Straight TJ37I 
C. tr 
TJ357 
0. dastraotl'VTiB Had oloTer li^ - 22 3.5 - 5 Straight £. ^ 
C. 
0. ^  
C, 
0. de 
Tj^2 
C. de 
rJ335 
C. de 
rJ351 
C. ^  
dloae 
filyci 
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of eonidlA of l«gQa»-iDhal}iting of Collctotrlofaaa. 
Isolatca 
Ooaldial •aaauraaenta In 
>re type Itmgat Heat Length Width 8por« tjpe 
urreA 
OolletotrlohoB 
tmneatoa Llaa bean 21 - 30 3.5 k Cunred 
irrad 0. trunoatoa Soybean 2k.2 - 30.8 3.5 - ^.3 OoTTed 
irrcd 
C. craainicoltui 
Tnh) Alfalfa 21 - 31.5 2.5 3 Ourred 
C. xraainieolna 
TZPT Sweet olorer 21.7 - 28 3.0 - 3.5 Oarred 
C. xraainloolm 
T7»») 
Alfalfa 21 - 28 3 - k Cuirred 
C. xraainlooltui O&ta 21.7 - 28 3 - 3.5 CuTTed 
ITTtd C. Tilloaoa Tetoh 16.5 - 21 3.5 - H.5 Cunred 
Birred 
fcralfht 
C. trifolil 
Alfalfa 10.5 - 12.9 3.5 k,o Straight 
0. trifolil 
TJ357) Sweet elorer 10.5 - 11.9 3.5 mm k,o Straight 
tralght C. deatraotlTQB Red oloTer Ik - 17.8 3.5 - ^.5 Straight 
C. deatruetlviiB Alfalfa Ik - 19.2 3.5 k.5 Straight 
0. deatruotlTUJi Sweet clover lU - 17.5 3.5 - k.5 Straight 
C. deatraetlToii Soybean lU.O - 17.5 3.5 - »».5 Stral^t 
0. deatruetlTun 
TJU02) Alfalfa lU - 17.5 3.0 m k.3 Straight 
C. deatractlToa 
TJ335) Alfalfa lU - 17.5 3.0 - 3.5 Straight 
0. deatraotlTUH 
TJ351) Alfalfa 17.5 - 21.0 3.0 - 3.5 Straight 
C. deatraetlTOB Peaa l6.i - 23.8 3 - k Straight 
(i^loaerella 
elrelnea Soybean 16.3 - 18 3.5 - k.5 Straight 

fakle IX. B«calts of tpra/ laoeulfttlo 
Host 
G. troBoatm C. 
froB 
8ogr1>oaaa 
tmneatiui C. 
from 
liaa baaa 
er^alnleolxua C. 
(17«*7) fro. 
alfalfa 
deBtnictlTOB C. 
trou 
alf alfa 
dafltructl 
froa 
red cloT« 
Soybeans X X 0 Z X 
Alfalfa X X X X X 
Sveat elOTOr X 0 X X X 
Sod elOTor z ft* X X X 
LaapadeM 'Z - 0 0 X 
Birdafoot trafoll X m X X 0 
Ladiao X - X 0 0 
fateh X 
-
z 0 0 
LIHI baaa X z - - -
Paaa X X - - 0 
Oardaa baaaa 0 0 0 0 0 
X SoeceBafa], iBoenlatloa. 
0 Qameeoasfnl Inoealatlon. 
- lo atteapt. 
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•alt* of spray laocalation of loctowt spoeies with •aspenfliona of oonidia of rarious anthracnose f 
destractiTTui C. destructiTiui C. deatraetirqa C. deatraetiw C. dottnictiTO» Oloaerella C. lin 
froB froB froB froa from itlyeinea froa 
alfalfa red eloTar sweet clorar peas soy'beaas soybeaaa ga 
Z Z X 0 z z 
Z Z Z 0 Z 0 
Z Z Z 0 Z 0 
Z Z Z - Z 0 
0 Z Z -> Z 0 
Z 0 z . - 0 
0  0  0  . . .  
0 0 0 
0 - 0  
0 - X * 0 
0 0 0 0 0 0 
r 
th mspeatlottt of oonidl* of Tarlou* aiithraenoBO twa^l. 
tcaliam 
' i^e'traetlToa C. doatroetlTua (>lo»erell> £. llndeMathlainui Oloaeralla C. Tillow 
from ~ from itlyelne» fro« from oiagnlata ~ froa 
p«aa loyboaBS toybeaaa gardon bean froa apple rotoh 
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alde branches died without the formation of a definite 
lesion^ but aoervuli were then produced in profusion over the 
entire area. This reaction was not obtained v^en these two 
hosts were succefpfully inoculated with other Colletotrichum 
apecies. C. truncatum from soybeans particularly caused a 
rapid breakdown of infected tissues when inoculated onto 
alfalfa, red clover, and sweet clover. 
The soybean isolate, _C. destructivum, was not as ag­
gressive a parasite. Even on soybean, it did not seem to be 
capable of actively parasitizing vigorous, rapidly growing 
plants. 
The isolate from peas seems to be C. destructivum. It 
is not actively parasitic, but was readily isolated from 
older basal leaves of the plants inoculated, never from the 
stems. Authentic C. piai material has not been examined* 
Qlomerella Klycines Lehman and Wolf, Jour. Agr. Res. 33: 
381-391. 1926. 
Isolates of Glomerella Klyoines were obtained readily 
from mature soybean stems in the field. Perithecia were 
formed profusely on overwintered stems, but the conidial 
stage has never been observed on naturally infected material. 
Isolates did not produce acervull or conidia when 
cultures on any of the artificial media which were used. 
(Pig. 17a) The vegetative mycelium consisted of rapidly 
Fig* 16. Aoervull of anthraonoae fungi with 
straight conldla from soybeans. 
a. _C. deatructlvmn. 
b, Olomerella glycines. 
.63b-
Fig. 17. Cultures on potato dextTOse agar* 
a. Glomerella glycines» 
b. Colletotrlohum trlfolll (J 371) 
from sweet clover. 
I 
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growlng white hyphae which later became pale to dark orange 
pink with scattered areas of sub-surface olive green 
mycelium. Perlthecla were produced profusely in {glomerate 
masses and were black, membranaceous, rostrate, aparphysate, 
and Immersed In a stroma. Mature ascospores, which were 
present In eight to nine days, were hyaline, curved, rounded 
on the ends, and ranged in size from 32.1 to 24.2 microns by 
6.6 to 4.8 microns* 
When isolates were inoculated onto sterilized soybean 
stems, small acervull with brown setae were produced in two 
to three days. Perlthecla were forming at the same time and 
as ttiey developed much more profusely than did the acervull, 
the latter were soon overgrown. The conidla were straight, 
rounded at the apex and bliuitly pointed at the base, hyaline, 
unicellular, and ranged from 18 to 16.3 microns in length by 
4.5 to 3.5 microns in width. (Fig. 15h) This conldlal stage 
Is not the one discussed in connection with Olomerella 
glycines at the time it was described. 
Single spore isolates were made from mature ascopores. 
In some cases, all of the ascospores from one ascus were 
successfully isolated and cultures established from each. 
In others, only five or six single ascospore isolate cultures 
were obtained from a single ascus. Single ascospore isola­
tions from the spore complements of several ascl from the 
same perltheclum were made. In all cases, the ascospore 
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laolatea obtained from a given asoua and the Isolatea from 
any one perltheclum were the same in cultural characteristica. 
The laolatea from one perltheclum differed from those of the 
others in that they did rot form the vegetative growth with 
abundant perlthecla described previously as typical of 0. 
glycines. Instead, the^e isolates tsave rire to a subsurface 
mat of dark green vegetative mycelium. These did not react 
with any of the normal type ascospore cultures to form a 
line of perlthecla when the two were plated totjether. If 
plus and minus strains did exist in this species of Glomerella, 
they were not isolated in these ascospore selectiona. 
Some diseased stems of alfalfa and sweet clover plants 
which had been Inoculated with C. destructivum in the green­
house were collected In the fall and placed outside in 
cheesecloth bags. Samples of these stems were brought into 
the laboratory at intervals throughout the winter, placed In 
a moist chamber, and the fruiting structures that developed 
examined. In January, perlthecla were found on several of the 
diseased alfalfa stems. They were accompanied by acervull In 
which were produced typical C. destructivum conldla. The 
perlthecla and ascospores were Identical with those of 
Glomerella glyclnea in all details. 
Single spore Isolations were made from both the aaco-
aporea and the conldla. Regardless of the original apore 
aource, the forty single apore Isolatea were of the cultural 
Pig. 18# Asol of Qlomerella glycines. 
a. Bush of asci from a single perlthecium. 
The thickened apical wall and plug In 
the tip of the a sous are visible. 
(460x) 
b. Single ascus. 
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-Pig. 19. Perlthecla of Olomerella glycinea« 
a. On soybean stem. (12x} 
b. Groups of perlthecla. (190x) 
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typo dlacuased hare aa typical of Qlomerella glycines* Two 
sclerotlal type cultures which produced conldla only when 
maintained upon sterilized stems were also obtained. 
Golletotrlchum llndemuthlanxan (Sacc. & Magn.) Brlosi & Cavara# 
Pungbl parasltl della pllantl coltlvate ed utile. No. 50 
Pavia* Italy. 1889. 
Qloeoaporlum lindemuthlaDum. Mlchella 1:129. 1878. 
The organism which causes anthracnose of common garden 
bean was observed in 1875 by Lindemuth at Popplesdorf, 
Germany and was flrat described by Paccardo and Magnus (1878) 
as Gloeoaporlum llndemuthlanum. Setae were observed in the 
acervull, and Brlosi and Cavara (1889) proposed the name 
Golletotrlchum llndemuthlanum. The disease may affect all 
above ground parts of the plant, but it is especially notice­
able on the pods where characteristic sunken spots with a 
dark center surrounded by a lighter border occur. Several 
strains of this fungus have been differentiated on the basis 
of reaction of host varieties. 
The two isolates which have been observed are the alpha 
and gamma strains from common garden bean obtained from Dr. 
G. C. Kent, Ithaca, Kew York. Both strains are primarily 
mycelial, either on artificial nedia or on sterilized soy­
bean stems. Some conldla were produced. Attempts to 
inoculate any plant species other than Phaseolus vulfiaris 
-60-
were unauccessful. Also, none of the other Colletotrlohum 
apeclea were successfully eata^bllshed on garden beans. 
'61~ 
Dlsousalon 
The classical basis for gpecJ.ea designation in the Fungi 
Imperfectl is well summarized in the follovriniii statement by 
Stevens in some introductory commenta concerning this group 
in "The Fungi That Cause Plant Diaease". He statet^ "It has 
been quite cuatomairy, probably to some extent excusably so, 
to describe as new a form-apeclea when no form-apeclea pre-
vioualy described for the same host or its near botanical 
kin could be regarded as identical with it." 
Thia viewpoint la v/ell illustrated by Weber's papera 
(1922, 1923) on Septoria diaeasea of cereals in which he 
discussed different apeclcs of Septoria on oats, wheat, 
i»ye, barley, Aaropyron re pens, Bromua inermia, and Poa 
pratensis« Several of these species were identical morpho­
logically, but were regarded as apecies because of differ­
ential host reaction in croas inoculations in addition to 
their orljiinal occurrence on different grass hosts. This 
aame multiplicity of speciea is common in various genera of 
the Imperfectl. 
Aa pure cultures of these fungi have been obtained and 
examined more critically on various artificial media, thia 
basla for the designation of speciea haa been repeatedly-
questioned. Some species have been found to be capable of 
developing parasltlcally on a wide range of hosts, reducing 
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some of the species of that genua described on the basis of 
host to the status of synonyms. Other species have been 
determined to be Idpntlcal morphologically, with no dis­
tinguishing characters except that of different pathogenic 
capacities. These complicating factors emphasize the neces­
sity for a definite basic concept upon which valid species 
designations can be baaed. 
It la obvious from the lack of variation in pathogenic 
response among similar and different morphological entities 
that have been designated as species in the genus Colletotr-
ichura that the ability to produce disease in a host cannot 
be used as a basic differential. Pig. 20 illustrates th« 
effect of different species and species Isolates from dif­
ferent hosts upon a legume, birdsfoot trefoil, which was 
not a source of any of the cultxirea used in the inoculations. 
Both curved and straight spored entitles were Included. The 
differences in total visible amount of infection are evident, 
but disease symptoms on individual plants were Identical 
regard lass of the inoculum used. With the added complicating 
possibility of latent Infection, pathogenicity studies could 
be at beat only a useful tool in demonstrating strain dif­
ferences among isolates of different origin, but within a 
single species. 
The development of one fungus species on a wide range of 
hosts has a reverse counterpart in that several species of 
Fig. 20. Plants of blrdsfoot trefoil a week 
after inoculation with oonldial 
suspensions of the following 
anthracnose fungi: left to right, 
top row, C. destructlvum from soybeans, 
C. destructlvum from sweet clover. 
Isolate 74 (C» Kramlnicolum)? bottom 
row, jG. trun^atum from soybeans. C. 
destructlvum from alfalfa, check."" 
•63b"" 
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ona genus may occur as parasites on one host plant. This 
has already been established In the case of C, trifolil and 
C. destructlvum on red clover. The disease symptoms ex­
pressed by the plant as a result of Infection with either of 
these two fungi were identical, both In natural field infec­
tions and on artificially inoculated plants in the greenhouse. 
Microacoplc examination was necesfary to differentiate the 
two. The conidia were consistently different, and were so 
characteristic that they were not easily confused. In the 
field however, both species may be found on one plant, which 
increases the possibility of confusion of these two entir. .es. 
Various characteristics, both morphological as considered 
under the species discussions, and physiological were com­
pared among named species of Colietotrichum as well as among 
isolates within a species. The effect of temperature upon 
the rate of growth as measured by dally increment of mycelial 
growth when the fungi were cultured on plates of potato 
dextrose agar was evaluated with numerous isolates of C. 
destructlvum from red clover, soybeans, sweet clover, and 
alfalfa, the soybean Isolate of glyclnea, and Glomerella 
glycines. In all of these, the optimum temperature for 
mycelial growth lies between 25-30° C. The effect of tem­
perature upon tjermlnation of the spores of these same 
isolates was studied in sterile distilled water. In all 
species there was little germination below 10° C., or above 
30® C. at the end of forty-eight hours. Between ninety-five 
.65. 
and a hvindred per cent germination occurred at the range 
between 15° to 25° C. in twenty-four hours, with germina­
tion at 30° C. approaching one hundred per cent at the end 
of forty-eight hours. 
In gross macroscopic appearance on artificial media the 
isolates varied widely. As mentioned previously. Isolates 
of destructlvum varied extremely in appearance when the 
same laolatea were maintained at different temperatures. If 
they were observed throughout the same range when growing 
on sterilized plant stems, however, the isolates were all 
similar. 
Some of the laolatea which produced only a solerotial 
type of growth on artificial media, such as the soybean 
isolate of C. destructivum and the Isolate from pean^ pro­
duced exactly the same kind of acervuli and conidla aa did 
the £. destructivum isolates from alfalfa and the clovers 
when they were cultured on sterilized stems. Chilton and 
his associates (1945, 1949a, 1949b) have worked out some 
of the genetic factors responsible for variation in cultures 
of the Olomerella group. They have demonstrated that such 
common differences as sclerotial type of growth or the 
production of conidla were controlled by definite genes, 
often with an allelomorphlc series at various loci which 
control the development of such structures. It seemed 
illogical then to place any weight upon differences or 
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fllndlarltlea In the groas appearance of the Isolates when 
they were cultured on an artificial medium as an aid in the 
designation of species. 
Size and structure of the acervulus and Its setae were 
easily modified by the substrate and environmental factors. 
Measurements of these structures varied markedly with the 
age of the culture, and differences in size, pigmentation 
and septation of the setae occurred during the course of 
development of a alnt^le isolate. The ^ross appearance of the 
fruiting; structure was more stable when the isolates were 
cultured on sterilized stems, but even then they were variable 
over the same range. 
The most constant characters were found to be those of 
spore size and spore shape. As stated previously, not all 
of the Isolates examined formed conidia on artificial media. 
All of them did produce spores on sterilized stems, and these 
structures were constant in regard to size and shape within 
an established range throughout the time that they have been 
under observation. Use of such characters as a basis for 
delimiting species posed the question of what constituted 
the normal range of variation for a given species. It is 
true that some of the assumptions that must be made, such as 
the constancy of a restricted range of spore size and shape 
throughout a variety of field conditions and in culture in 
the laboratory are subject to question by some workers. The 
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olDaervatlons which have been made on the species discussed 
here have Indicated that these characters are q\iite constant 
upon the host plants, either in the field, on artificially 
Inoculated plants In the fc,re©nhou8e, and on sterilized plant 
stems as a culture medium in the lahoratoi^. Cultures of 
C. destructlwun, for example, were found by Chilton (1943) 
to be exactly alike both in re^jard to npore characteristics 
and gross cultural appearance when they were first isolated 
from diseased host plants. As the Isolates were carried in 
culture on artificial media, various ae^iregates appeared. 
These apparently did not play an important part In the 
pathogenic ore,anlani as it developed on diseased plants 
however, or such variants should have been picked up in the 
course of the hundreds of Isolations that have been made 
from naturally infected field material in the present atuviy. 
Variations in spore size and shape did occur when iso­
lates were carried on artificial culture media in the 
laboratory. Isolates of C» feramlnicolum from oats when 
cultured on potato dextrose a^^ar had formed a wide range of 
abnormal spores. Such an Isolate i_,rowln£ under these con­
ditions could not be considered Indicative of the entity aa 
it exists in nature. In view of this basic assumption, all 
of the observations made upon the morphological character­
istics that have been discussed here were made either upon 
conidla that occurred on naturally infected material or in 
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those which occurred urtien isolates from auch material were 
inoculated onto normal plant parts. 
In India, studies have bnen made by various workers of 
some of the species of Colletotrlchum which produce falcate 
conidift. (Dastur, 1934; Ling and Liu, 1944; Ramakrlshnan, 
1941) Among those included have been C. capslci which causes 
ripe fruit rots of pepper, eggplant, and tomato, C, Indicum 
from cotton, C» truncatum from lima beans, and C. glycines 
from soybeans. _C. indicum and C. glycines have been noted 
to be alike In that they both attack their natural host 
plants in the seedling atatie. Aa isolates of only C. truncatum 
and C. glycines have been observed, no further comment con­
cerning this group can be made. 
As has been mentioned previously, if one accepts the 
occurrence of one fungus species on many hosts, then he may 
also expect to find that one host species may be parasitized 
by a number of species of one genus of fungi. This la well 
illustrated by this group of legume hosts and their variety 
of anthracnose fungi. At least two, and frequently three 
distinct species were active in the field on a ^iven host in 
the development of a complex of symptoms which we have 
designated as typical anthracnose. 
This situation has probably been in existence on red 
clover, alfalfa, and sweet clover in this countjry. When 
soybeans were introduced from the Orient, they merely added 
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anothor lee^une species to the plants which could be attacked 
by this ©roup of species of funtjl already present. There are 
Individual species which seem to have a very wstricted host 
ranc,e, but that does not alter the fact thj't other more 
omnivorous Colletotrichum apeciea may also attack that same 
hoat. Aftor soybeans had boen cultivated this country for 
a period of time, it has seenci? vei?y probable that parasites 
that find alfalfa and red clover a favorable mediur? also 
developed on soybeans. Such an adaptation would account for 
the widesproad occurrence of C. deatructlvum. orii^lnally from 
the clovers and alfalfa, and £. truncabum. oritilnally from 
lima beans, on soybeans in the United rtates. Olomerella 
ftlycines, which hap not been found in China, rni^lit be the 
ascus sta^e of one of our native anthracnoae species. At 
the present, it seems possible that it could bo the j^erfect 
statie of £• destructivum. 
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SUMMARY 
Three anthraonose fungi, Colletotrlchum truncatum, C. 
destruotlvum, and Glomerella glyclnea commonly occur on soy­
beans. Colletotrlchum truncatum was the most active parasite 
of the group. 
Seed borne Inoculum of truncatum was responsible for 
several types of Infection. They were: 1) pre-emergence 
killing, 2) seedling blight, 3) symptomless establishment of 
Internal mycelium. The third type was Investigated in 
detail. Mycelium from infected cotyledons became established 
In the cortical cells of the stem without any apparent effect 
upon them and remained localized in the immediate stem area 
until the time of flowering. It then resumed growth and 
penetrated the lower stem, petioles, and leaves, without the 
development of disease symptoms. 
C. truncatum occurred naturally on soybeans and lima 
beans. 
C» Kraminlcolum, which at the present time includes a 
complex of curved spore forms, occurred on a wide range of 
grass hosts. Isolates from alfalfa and sweet clover with 
similar spore structure have been examined and until such 
time as this species is revised these isolates are referred 
to it. 
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C. vllloflum from vetch and C. llndemuthlanum from com­
mon garden bean are each distinct entitles. 
C« trlfolll has been obtained from red clover and 
alfalfa* All of the isolates exam^ned have been distinct 
from the C. destructlvum isolates by virtue of their ahortep 
conIdla. 
C. destructlvum occurs naturally on red clover, sweet 
clover, alfalfa soybeans and peas. The cultures fiwm soybeans 
and peas were weak parasites. 
Glomerella Klyclnes has been found on mature soybean 
stems. Its conldlal phase Is not Colletotrlchvun glycines, 
but Is a stral^t spored form similar to C. des tructlvum. 
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